Introduction
Behavioral disorders after traumatic brain injury (TBI) represent the main impairment for patients after their accident [1, 2] . The care management of these behavioral disorders is highly relevant for families and society. Behaviors, such as agitation, opposition, disinhibition, irritability, impulsiveness, bulimia, hypersexuality, Kluver and Bucy Syndrome, hostility, aggressiveness, verbal and physical violence, anxiety and depression (see Stephan et al. in this issue) require the consensus from experts who understand the specific characteristics of people with TBI. The pharmacological approach is highly specialized and is based on a comprehensive clinical experience. The most recent data from international literature suggest using beta-blockers, neuroleptics, antiepileptics, antidepressants, benzodiazepines, amantadine and other drugs.
The SOFMER French Society of Physical Medicine and Rehabilitation under the auspices of the French High Authority for Health (HAS) decided to elaborate recommendations of good practice (RGP), in response to the announcement in 2010 of a specific government action plan for patients with TBI. Through a systematic review of the literature, the objective of this work was to organize care pathways, provide a practical care management guide and improve the effectiveness of therapeutic modalities. These recommendations concern adult patients with traumatic brain injury presenting with behavioral disorders in the acute and chronic posttraumatic stages. These patients are still hospitalized or living at home or in an institution. The professionals concerned are physicians, healthcare personnel from the units caring for these patients, personnel of medico-social institutes or specialized care networks.
The population of patients with TBI is more sensitive to pharmacological treatments, it is a particular population and it deserves specific studies that are difficult to implement in randomized, double-blind vs. placebo protocols. Multicenter studies are often necessary to obtain a sample of patient large enough and homogeneous to obtain sufficient statistical power (e.g. age, time since injury, identical measure scales and identical concept definitions). Almost all systematic review studies, controlled or not-controlled studies and original studies come to the conclusion that further studies with a better methodology are needed. The relevance of this work is a dual one. On the one hand, proposing a systematic review of the literature to provide therapeutic solutions according to the available level of evidence and on the other hand bring consensus expert opinions when studies are insufficient to draw a conclusion.
Methodology
According to HAS criteria, the methodology involved a total of 62 people divided into 3 working groups, and 4 stages: elaboration of a framework letter with questions developed by the Steering committee (6 people: 3 professors of PM&R, 1 lawyer, 1 director of a medical structure); selection, analysis of the scientific literature and elaboration of a scientific rationale by the project managers (8 people: 1 librarian, 2 HAS physicians, 1 PM&R professor, 4 PM&R physicians); the elaboration of recommendations, based on the scientific rationale, by a working group (23 people: 5 project leaders PM&R physicians, 3 psychologists, 2 people representing families, 4 PM&R physicians, including 1 professor, 4 psychiatrists, 1 director of a medical structure, 1 professor of physical education, 1 MDPH (Departmental Home for Disabled Persons) physician, 1 social worker, 1 lawyer); the critic analysis of all proposals by a reading group (30 people: 7 psychologists, including 3 professors, 10 PM&R specialists, including a professor, a magistrate, a lawyer, a physiotherapist, a social worker, 2 healthcare managers, 2 people representing the families, one person representing the insurance companies, one director of a medical structure, a psychiatrist, a physician working in the prison system).
The HAS methodology is explained in details in this special issue, in the editorial (see Mathé and Luauté ) . This editorial reports 6 questions, our work focuses on drug therapeutics.
The literature research was performed by the HAS literature research team using as the main database Medline over the 1990-2012 period. Some additional articles related to the final selection but anterior to 1990 were also analyzed. Literature search strategies are detailed in Box 1. A complimentary search was performed covering the period up to June 2015 without using the HAS research team. Each article selected was analyzed according to the literature review methodology using reading grids in order to attribute to each article a scientific level of evidence [3] . According to the level of evidence of the studies on which they recommendations are based, they have a variable grade, scored from A to C, see Table 1 . Table 1 Grade recommendations.
Level of scientific evidence provided by the literature (treatment studies)
Grade recommendation

Level 1
Established scientific evidence A High power randomized comparative trials Meta-analysis of randomized controlled trials Decision analysis based on well-conducted studies Level 2
Scientific presumption B Low-power randomized comparative trials Non-randomized comparative studies well-conducted Cohort studies Level 3 Low level of evidence C Case-control Studies Level 4 (NP4)
Comparative studies with considerable bias Retrospective studies Case series
Each selected item was analyzed according to the principles of critical literature reading. Based on this literature review, the working group proposed, whenever possible, recommendations. Depending on the level of evidence of studies on which they are based, the recommendations have a varying degree, from A to C according to the scale proposed by the HAS. In the absence of studies, the recommendations are based on a professional consensus (EC, Expert Consensus Working Group). In the absence of studies, the recommendations are based on a consensus of opinions from the experts of the working group (Expert Consensus, EC), after having consulted the reading group. The absence of an evidence grade does not mean that the recommendations are not relevant and useful. It must, however, incite teams to conduct further additional studies.
Results
In all, 106 references were found on ''drug therapy (question 4) and meta-analyses, systematic literature reviews, randomized controlled studies, comparative studies''. Out of these 16 were selected. Regarding articles focusing on all types of studies (except reviews, randomized controlled studies, comparative studies), 666 references were found, and 73 were selected.
The reasons for rejecting the studies were most often the inadequate selection of the acute phase in the ICU post-injury, including targeted articles on neuro-protection (285 rejections total), letters to the author, comments, news, editorials (56 rejections), target studies on improving cognitive performance or on a product stimulating recovery (64 rejections), absence or insufficient number of patients with TBI in the study (mixed population) for 16 rejections, or animal studies (13 rejections). The diagrams representing the selection process for the articles are illustrated in Figs. 1 and 2. The greatest difficulty was to select articles, treating in the purest manner possible, behavioral disorders post-TBI and thus discard studies where the main objective was to improve memory, attention and cognitive performance or recovery in general. At the end, 89 references were identified and concerned 1306 people with TBI. Results are expressed by products and pharmacological class, including beta-blockers, neuroleptics, antidepressants, antiepileptics, amantadine and other drugs.
Use of beta-blocker: 33 patients included
The mechanism of action of beta-blockers on behavioral disorders remains unclear. Beyond their cardiovascular actions, beta-blockers protect against social anxiety and have been used to treat agitation or aggressiveness post-TBI (Table 2) .
Regarding the treatment of agitation or aggressiveness after TBI, four studies, albeit older ones, are regularly listed [4] [5] [6] [7] . No recent studies exist. Regarding high doses of propranolol (up to 420 mg/ day), the study of Brooke et al. [4] conducted on 21 patients showed its efficacy on episodes of post-traumatic aggressiveness, with reduced intensity for the most severe episodes, yet no significant changes were noted for the frequency of these episodes (level 1 to 2, grade B).
For the other three studies, populations are heterogeneous. The study by Greendyke et al. [7] included 9 patients treated by propranolol but only 4 of them had TBI (level 4, grade C). For pindolol [5, 6] , the populations studied included respectively 5/11 and 3/13 patients with TBI (level 4, grade C) Pindolol doses used varied between 20 to 100 mg/day. Adverse effects to the administration of beta-blockers are low blood pressure and bradycardia [8, 9] . Finally, a report of 2 cases [10] points to metoprolol (level 4) but concerned stroke patients, not TBI patients.
In France, the use of beta-blockers in this prescription context (agitation aggressiveness) is outside of the marketing authorization (MA) delivered. The recommended usual doses of propranolol do not exceed 320 mg/day in cardiology.
The efficacy of this product is validated by the prescription habits of US experts [11] . In the population, often quite young, of patients with TBI, this prescription is well tolerated and can represent an alternative to the prescription of psychotropic drugs. There seems to be an efficacy on impulsivity. In clinical practice, Fig. 1 . PRISMA flow diagram of the study selection process for meta-analyzes, systematic reviews, randomized controlled trials, controlled trials. PRISMA: preferred reporting items for reviews and meta-analyses [3] .
doses of 40 to 80 mg in one or two takes are often quite effective. No study was found regarding the treatment of anxiety by betablockers after TBI.
Recommendations
Beta-blockers do not have a market authorization in the care management of agitation and/or aggressiveness and/or irritability but the analysis of the literature shows that, in certain cases, they can improve these disorders. Their prescription in this indication must be evaluated according to each individual case and based on the criteria associated with treatments prescribed without MA on top of precautions of use related to this therapeutic class. The use of propranolol in the treatment of agitation and/or aggressiveness and/or irritability is proposed at the dosage of 40 to 80 mg per day even if certain studies have reported an effect with higher doses. Just like in patients with no TBI, it is recommended to start the treatment progressively and it is mandatory to wean from beta-blockers progressively because of the coronary risk. It is preferable to perform an ECG before starting a beta-blocker treatment (Experts consensus [EC]). Fig. 2 . PRISMA flow diagram of the study selection process for all types of studies (except reviews, comparative studies, meta-analyzes). PRISMA: preferred reporting items for reviews and meta-analyses [3] . 3.2.1. Generalities Two reviews [12, 13] hardly reported the use of neuroleptics whereas other authors report their frequent use in behavioral disorders post-TBI [8, 9, [14] [15] [16] [17] [18] [19] [20] (Table 3) . Review articles underlined the lack of a strong methodology and insufficient level of evidence.
According to the study conducted among expert healthcare professionals [11, 21] neuroleptics are not one of the 5 drugs most used to treat agitation post-TBI. Haloperidol or risperidone is used by non-experts. There are no standards or consensus regarding the use of neuroleptics. A greater sensitivity to their adverse effects post-TBI was described. The use of olanzapine was suggested [13] .
3.2.2. Adverse effects of neuroleptics after TBI 3.2.2.1. Neuroleptic malignant syndrome (NMS). There seems to be a greater exposure to the risk of neuroleptic malignant syndrome (NMS) post-TBI [22] [23] [24] [25] [26] . This syndrome is reported as a rare occurrence. The use of haloperidol was most often reported for the 10 cases published [22] [23] [24] [26] [27] [28] . It concerned young adults. A case was reported under risperidone [24] . For Levy et al., [18] NMS is not dose-dependent. Conversely, the review of 9 cases by Bellamy et al. [29] reported the exact opposite with the onset of neuroleptic malignant syndrome under high doses of haloperidol. The most recent review [26] , underlining the challenges in making the diagnosis, reported that in 90% of the cases, the first symptoms appeared on average 10 days after the beginning of the neuroleptic treatment. A hypodopaminergic state of the brain related to the trauma was brought up.
3.2.2.2.
Potentially noxious effects of neuroleptics on recovery abilities. On animal models (rat) [29] haloperidol was reported to affect recovery after damage to motor cortical areas and interacts with the neuronal recovery process. For Wilson et al, [30] multiple administrations olanzapine would not impact cognitive functions, conversely to haloperidol. Another study [31] showed a deterioration of motor and cognitive performances after chronic administration of high doses of haloperidol or risperidone. Unique or repeated low doses of haloperidol or risperidone seem safe vs. continuous high doses negatively affecting recovery (animal study). A year later, the same team [32] showed that chronic administrations (during 19 days) of low or higher doses of haloperidol or risperidone prevented motor and cognitive recovery. This effect did not seem related to the sedative properties [33] , but rather to the alteration of neurotransmitter systems.
In humans, a study conducted on 11 people [34] treated by haloperidol after TBI vs. controls reported a significant increase of the duration of the post-traumatic amnesia in the treated group (level 2). Another study [35] , described a cognitive improvement of patients after having stopped taking neuroleptics, but the study only included 3 subjects and had potential biases (level 4). Thus, we have several studies describing the negative interference of neuroleptic treatments with the biological and brain plasticity process, essence of the recovery project [15, 16, 18] . However, these studies do not bring forward real evidence on a scientific level.
3.2.2.3. Neuroleptics and apathy post-TBI. No study was found using neuroleptics post-TBI to treat apathy. Review studies on this symptom in other neurological or psychiatric pathologies (low level of evidence) reported an improvement of apathy in schizophrenia, major and non-psychotic depression and Alzheimer's disease with second-generation neuroleptics [36] [37] [38] [39] [40] .
3.2.2.4. Practical advice for the use of neuroleptics post-TBI. In the absence of consensus proposals, the combined data of the different studies analyzed [8, 12, 14, 15, [18] [19] [20] 23, 25, 28, 35, [41] [42] [43] [44] [45] can define practical rules to the specific use of neuroleptics post-TBI.
First do no harm, do not prescribe neuroleptics. If possible wait or propose another non-pharmacological approach (institutional and/or psychotherapeutic) or an alternative to neuroleptics: e.g. beta-blockers, mood stabilizers. In the absence of objective agitation or aggressiveness, it is recommended to limit the use of neuroleptics to cases when other care management therapeutics have failed. Regardless of the pharmacological approach taken, it is [34] Open controlled prospective study in 26 agitated patients after severe TBI. A group of 11 required haloperidol. Measure of the length of coma, duration, of post-traumatic amnesia duration (PTA), functional status, CT-scan results
Level 3
Grade C No significant difference in demographics, length of coma and rehabilitation success. The duration of PTA is significantly longer in the group treated with haloperidol, P < 0.05 Limits: weak statistical numbers (11 subjects) Stanislav, 1997 [35] Case study involving 3 subjects after head injury. Evaluation of functioning differences before, during and after discontinuation of antipsychotic drugs
There is a cognitive improvement of people after stopping neuroleptics Limits: 3 subjects only, methodological bias Umansky and Geller, 2000 [51] Case report. Olanzapine (20 mg/day) for psychotic manifestations following a second severe closed-head injury necessary to view the problematic of the efficacy on one symptom in the context of individual neurological recovery. Neuroleptics might have a negative impact on neuronal plasticity, thus having a reverse effect on the rehabilitation's main objective. In case of emergency and acute aggressiveness the prescription of neuroleptics can be envisioned in the absence of contraindications.
Outside of the acute crisis or emergency situation, to start a neuroleptic treatment, it is preferable to: start with a small dosage go slowly and progressively when increasing the dosage continuously reassess the clinical presentation; one single product at a time (monotherapy); be careful of interactions between products; monitor the epileptogenic threshold; the experience of TBI consequences, from awakening to the chronic phase can alert prescribing physicians on the high sensitivity of TBI patients to sedative drugs, the rule being the ''minimum effective dose''.
Prefer the use of an atypical neuroleptic (2nd generation) that has less side effects [9, 14, 18, 20, 23] , especially less extrapyramidal side effects. Antipsychotics have a better benefit/risk ratio.
Several authors estimate that one should not use neuroleptics on the long term to treat aggressiveness after TBI except in case of prior psychiatric disease [8, 18, 20, [43] [44] [45] . The premorbid personality and psychiatric history can guide the therapeutic choices.
Data per product (second generation, atypical neuroleptics)
. Some studies (Table 3 ) with a low level of evidence (level 3 to 4) concerned case reports reporting the effectiveness of ziprasidone in agitation [46] , quetiapine and olanzapine after aggressiveness or post-traumatic psychosis [47] [48] [49] or clozapine in this symptom with hematologic risks [50] . Another case report (severe TBI) showed the efficacy of olanzapine on hallucinations [51] .
Recommendations
There is no sufficient evidence regarding the efficacy of neuroleptics in the treatment of behavioral disorders such as irritability, aggressiveness or apathy post-TBI.
Observation: There are no ''new'' nor specific side effects related to the use of neuroleptics post-TBI. However, there are several specificities that need to be accounted for:
greater exposure to neuroleptic malignant syndrome; sedative effect that could increase the risk of falls or dysphagia; potential noxious effects on brain plasticity and thus on the recovery potential.
In case of emergency or acute agitation and aggressiveness crisis, the prescription of a neuroleptic can only be envisioned in the absence of contraindications, to obtain a quick sedation in order to protect the patient from self-harm, protect his/her closed ones or the healthcare team. Loxapine (Loxapac * ) has a marketing authorization in its injectable form for treating ''cases of agitation, aggressiveness and anxiety associated with psychotic disorders, or certain personality disorders'' (EC). The long-term use of neuroleptics for the treatment of behavioral disorders in patients with TBI must be avoided due to side effects, except in case of prior psychiatric disease (EC). In the absence of therapeutic alternatives, the use of neuroleptic must respect the usual prescription guidelines of this therapeutic class. Furthermore, in patients with TBI, it is recommended to abide by prescription guidelines common to the different therapeutic agents (see above). More specifically, regarding neuroleptics it is essential to take additional precautions (EC): (i) take into account the epileptogenic risk, since the threshold might be lower than usual, (ii) use preferentially an atypical neuroleptic (2nd generation) because it leads to less side effects, especially less extrapyramidal side effects, (iii) be aware of the cardiovascular risks.
Use of antidepressants, 348 patients included
The scientific literature reporting the effects of antidepressants after TBI is quite scarce ( Table 4 ). The effect of these products on mood and behavior has rarely been studied. The specific action of antidepressants on behavioral disorders remains to be validated.
No argument in favor or against the use of antidepressants in apathy was found. Regarding agitation and aggressiveness, the level of evidence is low and contrasts with the relatively frequent use of antidepressants. For depression itself, their usefulness is more frequently demonstrated.
Agitation aggressiveness
Several arguments support the use of antidepressants to treat agitation and aggressiveness. Animal studies have shown that serotonin levels were negatively correlated to aggressiveness [14] . Dopaminergic and noradrenergic circuits, greatly involved in executive functions [52] [53] [54] [55] , are commonly disrupted after TBI, which could promote the onset of behavioral disorders [56] .
Conversely, antidepressants can have adverse effects and increase confusion, sleepiness (at all stages of the care management) and/or anxiety, induce nausea, anticholinergic effects for some and increase the risk of suicidal attempts.
Based on a survey conducted on US medical specialists [11] , antidepressants are one of the 5 most frequently used drugs to treat agitation in patients with TBI.
Regarding agitation and aggressiveness, articles are scarce. The only study with a control group, sertraline (100 mg/d, 11 patients) vs. placebo, did not show significant effects on agitation (level 2). But the number of patients was low and the study duration was only 15 days [57] . According to Lombard et al. [59] the antidepressant effect cannot be reached before ! 2 weeks. These authors consider that Selective Serotonin Reuptake Inhibitors (SSRIs) have a non-acceptable delay of action for the control of acute agitation. A series of 13 patients with TBI [58] under sertraline 200 mg/d without a group control, unveiled a significant effect on irritability and aggressiveness (level 3), whereas no effect was noted on depression symptoms after 8 weeks of treatment. In two patients presenting with Klü ver-Bucy syndrome (agitation, hyperorality, hypersexuality) after severe TBI, the use of sertraline up to 150 mg/d was followed by an improvement in a few days of disorders that were resistant to other drugs [55] (level 3). For one of these two cases, the association with a neuroleptic seemed to have increased the effect of sertraline.
Amitriptyline is not commonly used in agitation after TBI [14] . It is considered by some authors as the pharmacological agent of choice in the treatment of behavioral disorders after frontal brain damage [8] . A retrospective study comparing 20 agitated patients treated with amitriptyline to a control group of 38 non agitated patients [54] found for patients in the stage of post-traumatic amnesia a great efficacy on agitation for 12 patients out of 17 after 7 days of treatment (beginning at 25 mg/d up to 150 mg/d, level 3). For a 32-year-old agitated patient with TBI and bifrontal damage, amitriptyline was reported to be effective in 2 weeks on anger bursts with an improvement of attention [59] (level 3). Interestingly, one should note the effectiveness of bupropion (Zyban 1 ) at quite high doses (150 mg/d) in a 20-year-old woman described as very agitated after the failure of loxapine, haloperidol, propranolol, methylphenidate, diazepam and paroxetine [60] (level 3). This treatment cannot be recommended today based on current scientific knowledge.
SSRIs present less side effects and a profile of side effect different from tricyclics that can generate sedation, as well as other side effects such as cardiologic ones, anticholinergics with constipation and urine retention, as well as lowering the epileptogenic threshold [8, 9] . Neither SSRIs nor tricyclic antidepressants have a marketing authorization in France for agitation or aggressiveness.
Depression
The literature reviews by Alderfer et al., 2005 [52] and Fann et al., 2009 [61] reported the best level of evidence for noradrenergic and specific serotonergic antidepressants (NaSSAs) for the treatment of depression. A randomized, double-blind vs. placebo study after TBI with sertraline (25 to 200 mg/day) [62] validated after 10 weeks of treatment an improvement in mood, quality of life and anxiety (level 2).
Other studies already pointed out this result with sertraline [25, 63] (level 4). A study on fluoxetine (Prozac 1 ), to look for cognitive effects and impact on brain plasticity [64] , found an improvement on mood as well as memory and attention performances (level 4). A work on milnacipran (Ixel 1 , 30 to 150 mg/day) after light to moderate TBI [65] for a 6-week duration, described an improvement of depression and cognitive performances (level 4). This antidepressant is a selective serotonin and norepinephrine reuptake inhibitor (SNRI). The use of moclobemide (Moclamine 1 ) post-TBI [66] in an open study showed the good efficacy of the product (level 4). Regarding citalopram (Seropram 1 ), a 2001 study [67] described an 81% response rate after TBI (level 4 ). An open study on 54 patients with light to moderate TBI treated with citalopram [68] , reported a 46% response rate with a remission at 26.9% after 10 weeks of treatment. These results are comparable to results of patients suffering from major depression, without TBI (level 4). A randomized, double-blind study citalopram vs. placebo reported the limits of pursuing the treatment to avoid depression recurrence. It is preferable to stop the treatment and secondarily start again on citalopram in case of recurrence [69] (level 2).
Regarding tricyclic antidepressants, a randomized, crossover study focused on desipramine (not marketed in France) vs. placebo [70] . The samples were small (6 patients with TBI validated the study), (level 3). For amitriptyline, a study on 13 patients with TBI compared to 13 patients with depression showed a 4/13 response rate in the group of patients with TBI vs. 11/12 in the group without TBI [71] . Authors concluded that depression after TBI was relatively resistant to treatment by tricyclic antidepressants (level 4).
Just like the treatment for aggressiveness, the treatment for depression must seek the best benefit/risk ratio, which tends to prefer SSRIs rather than tricyclic antidepressants as first line treatment.
Apathy
For apathy, no specific study was found regarding this specific symptom sometimes identified by certain authors in cognitive functions. Apathy is often symptomatic of a depressive state [72] , antidepressants could be envisioned as an initial treatment. The effect on awakening could also have a positive impact.
Other disorders
The use of paroxetine and citalopram seem interesting in the treatment of pathological cries [73] even if results must be validated in further studies on larger samples (level 3).
Recommendations
Antidepressants are mainly used to treat depression according to the usual recommendations and in the framework of their MA. In the absence of contraindications, they can be used after TBI (EC). The prescription of antidepressants in the context of the treatment of depression in all the stages of its progression, must abide by the guidelines for clinical practice published by the ANAES in 2002: ''management of an isolated depressive episode in adult outpatients'' (EC). Specifically, it was indicated that the choice of an antidepressant should preferentially be based on specific criteria: therapeutic use of lateral effects (for example, looking for sedation, anxiolytic effect or stimulation); the preferential indication of a therapeutic class in some psychiatric comorbidities, for example Selective Serotonin Reuptake Inhibitors (SSRIs) and specifically sertraline for obsessive compulsive disorders; the mixed effect SSRI + adrenergic (SSNRI) on cognitive disorders for example milnacipran (Ixel Observation: Antidepressants can be effective in an indirect manner on agitation and aggressiveness when considering that depression or anxiety are promoting factors. Amitriptyline showed a certain efficacy on agitation from the dose of 25 mg per day. Paroxetine and citalopram can improve pathological cries of certain patients after TBI. SSRIs could have a positive impact on brain plasticity and thus on the recovery potential. Sertraline showed some efficacy on agitation, aggressiveness and irritability with doses going up to 200 mg per day. An improvement of Klü ver-Bucy Syndrome (agitation, hyperorality, hypersexuality) after severe TBI, was reported with sertraline up to 150 mg/d. The positive effect might have been majored by associating sertraline with a neuroleptic. In the absence of specific indications, it is recommended to choose the best tolerated antidepressant, the less dangerous one in case of massive absorption, and the simplest to prescribe at an effective dose. SSRIs, SSNRIs and other non-tricyclic, non-MAOI antidepressant drugs are the ones most adapted to these criteria. During the awakening period, tricyclic antidepressants and especially amitriptyline at a low dose can also be proposed to treat agitation (EC). Antidepressants do not have a MA in France to treat agitation and/or aggressiveness, so the prescription of these molecules should be evaluated for each individual case according to the criteria associated with treatments prescribed outside of a MA on top of the usual recommendations (EC).
Antiepileptic mood stabilizers and other antiepileptic drugs, 555 patients included
Carbamazepine (CBZ), valproate (VPA) and phenytoin
Carbamazepine (CBZ) and valproate (VPA) are antiepileptic agents commonly used as mood stabilizers to treat agitation after TBI [8, 12, 14] (Table 5) . VPA has the reputation of having less side effects [8, 14, 74] . In France VPA and CBZ do not have a marketing authorization for agitation, irritability or aggressiveness.
Studies describing cognitive side effects of VPA or CBZ after TBI are contradictory. A review on phenytoin, CBZ and VPA from 1991 reported that these three medicines seemed to exert a negative effect on cognitive and motor functions. These disorders get worse with serum levels [75] . In this randomized, double-blind CBZ and phenytoin vs. placebo study, authors found a negative impact on cognitive performance for these two products [76] (level 2). Conversely, a prospective, randomized, double-blind study comparing 279 patients with TBI receiving valproate or phenytoin, showed that the valproate treatment did not have any negative or positive neuropsychological effects [74] (level 1).
According to the survey conducted on US physicians [11] , CBZ is listed as the primary treatment to treat agitation after TBI. The work conducted 10 years later [21] on agitation, anger and irritability reported sodium valproate as the main treatment.
Regarding treatment of agitation and aggressiveness by VPA, a prospective study on 29 patients, including 23 who presented with TBI described an improvement in 26 patients [77] . The efficacy was described as rapid, with doses comprised between 1000 and 1800 mg per day (mean 1200 mg) of sodium valproate (level 3).
For more heterogeneous disorders (bipolar, psychotic) another retrospective study [78] reports a good efficacy and good tolerance for 11 patients after TBI (level 4). Another series of 5 subjects (4 TBI/ 5) reported the efficacy of VPA where other treatments had failed [79] 
(level 3).
Regarding the use of carbamazepine (400 to 800 mg/day) in 10 patients agitated with anger bursts in a prospective open 8-week study reports a good efficacy [80] (level 3) with no negative cognitive effects. A study on 7 aggressive patients with TBI reported the efficacy of carbamazepine (400 to 900 mg/day) in the 4 days following the beginning of treatments, and in four cases CBZ was associated with haloperidol, allowing the decrease of neuroleptics [67] Open prospective study of 12 weeks of citalopram (20 mg/ day) and carbamazepine (CBZ) (600 mg/day) in 20 depressed patients after severe TBI. MIF, Brief Psychiatric Rating Scale (BPRS) and Clinical Global Impression Scale (CGI)
Level 4 Grade C (a) Citalopram combined with CBZ reduces depression and behavioral disorders after TBI, P < 0.05. (b) These disorders must be taken care of as soon as possible during the rehabilitation period. Since combination therapy was used, it is not possible to determine whether one or the other drug was primarily responsible for the improvement Pachet et al., 2003 [86] Single case study. Effectiveness of lamotrigine to treat aggressive and agitated behavior in a 40-year-old male who sustained a severe TBI.
Level 3 Grade C
A substantial decrease in behavior problematic and a significant improvement in neurobehavioral functioning were observed after lamotrigine treatment Smith et al., 1994 [76] Double-blind versus placebo study, phenytoin and carbamazepine (CBZ) prophylaxis of epilepsy after TBI. [67] (level 4).
Oxcarbazepine (OXC) (Trileptal
1
) There is no study on behavioral disorders treated by OXC after TBI. OXC appears to have an efficacy similar to CBZ and less side effects in children, adolescents and adults suffering from partial seizures [83] . A randomized, double-blind OXC vs. placebo study (24 people per group) brought convincing evidence of the superiority of OXC for the treatment of aggressiveness, independently of medical causes [84] (level 2). The same author published a focus on oxcarbazepine in the treatment of aggressiveness in prison [85] . The search for the slightest side effect and an efficacy, even a partially proven one, guides towards using anti-seizure drugs as first line treatment for aggressiveness. Nowadays, a wider use of OXC is being discussed.
Lamotrigine (Lamictal
1
)
Only one case study was found, concerning a 40-year-old patient with severe TBI treated successfully for his aggressiveness by lamotrigine [86] (level 3). There are 4 published cases of laughs and spasmodic cries treated successfully by lamotrigine [87] (level 3).
Gabapentin (Neurontin 1 )
No study was found on gabapentin and neurobehavioral disorders post-TBI. There is one published case of aggravation of agitation after TBI associated with the prescription of gabapentin for neuropathic pain [88] .
Levetiracetam (Keppra
1
)
Another study on aggressive patients without TBI seems to underline the lack of efficacy of levetiracetam on this symptom [89] (level 2).
Recommendations
The use of antiepileptic agents for epilepsy treatment or prophylaxis after TBI suggests an efficacy of carbamazepine, sodium divalproate and sodium valproate in the treatment of agitation and aggressiveness. Carbamazepine (CBZ) (Tegretol 1 ) and sodium valproate (VPA) (Depakine 1 ) are recommended as first line treatment after TBI to treat agitation, aggressiveness, anger and irritability especially in the presence of mood swings. Nevertheless, the use of antiepileptic drugs having a mood stabilizing effect, has not been validated by a marketing authorization to treat agitation, aggressiveness, anger and irritability and the prescription of these molecules must be evaluated for each individual case, according to the criteria associated with treatments prescribed outside a MA on top of the usual precautions of use (EC).
Observation: The efficacy of VPA is described as rapid, with a relatively standardized dose of 1250 mg of sodium divalproate. The good efficacy of CBZ was reported with a dose of 400 to 900 mg/day without negative cognitive side effects. An improvement of post-traumatic Klü ver-Bucy syndrome was reported for CBZ treatment. Some authors promote the use of oxcarbazepine (OXC) (Trileptal 1 ) instead of CBZ due to its efficacy on agitation and aggressiveness and a better profile of side effects. Regarding Lamotrigine (Lamictal 1 ), an improvement of aggressiveness and spasmodic cries and laughs was reported in case studies. Levetiracetam (Keppra 1 ) has no positive effects on aggressiveness post-TBI. It should be avoided after TBI because of the risks of behavioral and mood disorders induced by this drug agent (EC).
Benzodiazepines
According to the survey conducted on US physicians [11] , benzodiazepines (BZD) are not used by the expert group and are firsthand used by non-experts (5th place). The similar work dating from 2007 [21] pointed to the same results for agitation, whereas BZD were not listed for treating anger or irritability.
Regarding agitation and aggressiveness, the reviews described the potential noxious effects of benzodiazepines (BZD) after a stroke or brain damage [9] . Some bothersome side effects were reported such as paradoxical agitation, especially in older subjects or an amnestic effect by nature, which might promote confusion in people in the post-traumatic amnesia. For some authors, BZD should only be used in emergency situations and should not be used on the long term in the treatment of agitation post-TBI [8, 9] . It is preferable to limit its use to situations where anxiety is the predominant symptom and for episodic agitation. One should take into account its sedative effect and its limitation with a negative impact on cognitive recovery.
An Australian meta-analysis [90] assessed the effects of longterm use of benzodiazepines (more than 1 year) on the normal population, without TBI. The use reported the evidence of a global cognitive impact on all the variables assessed (sensory processes, memory, processing speed, attention/concentration, general intelligence, work memory, psychomotor speed, problem resolution, motor control and performances, verbal reasoning) (level 1).
Recommendations
There is not enough evidence on the efficacy of benzodiazepines in the treatment of agitation or aggressiveness in patients with TBI. BZD can be used in situation of emergency and should not be used on the long term in the treatment of agitation after TBI. The use will be limited to situations were anxiety is the predominant symptom and privileging a shortterm use (symptomatic prescription) (EC). After TBI, the use of benzodiazepines must take into account the risk to generate or aggravate awareness, attention and/or memory disorders, potential respiratory depression, risk of a paradoxical effect on agitation, and its inhibition of brain plasticity capacities. There is also a risk of dependence and addiction (EC).
Amantadine, 295 patients included
Regarding the treatment of agitation with amantadine, US experts list this product among the 5 first ones [11] , before betablockers (Table 6 ). Amantadine is an antiparkinsonian, antiviral agent, which increases the availability of pre-and post-synaptic dopaminergic markers in the striatum. It is also a NMDA (N Methyl D Aspartate) receptor antagonists [14, 25, [91] [92] [93] [94] [95] .
About aggressiveness or agitation, literature few data are available. Two aggressive subjects with TBI were improved under amantadine (level 3) [96] . A retrospective study on a heterogeneous population (including patients with TBI) reported a spectacular improvement of 2 out of the 3 agitated subjects (level 4) [97] . A randomized, double-blind vs. placebo, crossover study analyzed the recovery of 10 patients in a rehabilitation center in their acute stage [98] and concluded to the absence of significant difference (levels 2-3) in spite of an improvement. We can note the reported benefit of amantadine on neurological recovery [99] with a good methodology (level 1).
For apathy, no article was found describing the use of amantadine for this specific keyword. An article described, for a case of severe TBI after 6 months, the use of amantadine at the dose of 300 mg/day with success in a motivational syndrome [100] (level 4). In a case study of 7 subjects including 6 with TBI, amantadine was assessed to treat certain aspects of frontal lobe disorder (including impulsiveness, disinhibition and a motivational syndrome) [93] . An improvement of frontal lobe disorder was reported for all patients (level 4). Other case studies reported the use of amantadine in the multiple etiologies of apathy including traumatic brain injury [101] (level 3). In motivational language deficits (impaired linguistic ability, non-fluent aphasia) after stroke, amantadine could impact verbal fluency [102] but there were no patients with TBI in the study (level 4).
Furthermore, amantadine is used as a wakefulness-promoting agent or for having a positive action on cognition [25, 49, 91, 92, 95, [103] [104] [105] [106] . However, the level of wakefulness and cognitive disorders has been associated with behavioral disorders (see the other articles in this special issue).
Amantadine is used in TBI for fatigue, distraction, rigidity and bradykinesia, to improve the level of vigilance [106, 107] , orientation, initiation, propositional movements, attention, concentration, processing speed, frontal lobe functioning [92, 93, 97] or even motor learning [108] .
Review articles are sometimes contradictory. The review by Sawyer et al., 2008 concluded that at the dose of 200-400 mg/day, amantadine seemed to safely improve wakefulness and cognition after TBI [109] . According to Meyer et al., 2010 , there is strong evidence for the usefulness of amantadine to improve wakefulness after TBI in children or adolescents [110] . Conversely, the meta-analysis of randomized controlled studies by Frenette et al. in 2012 , regarding the efficacy and safety of dopaminergic agonists (including amantadine) in traumatic brain injury, reported a more cautious conclusion [111] . Important sources of biases in the studies constituted a major preoccupation. Given the absence of consensus on clinical results, the absence of evaluation for safety of use, and the high risk of bias in the reviews reported in this study, other research studies are needed before recommending dopaminergic agonists after severe TBI. Finally, a recently published 4-week multicenter, randomized vs. placebo study [112] about 184 subjects with severe TBI in a persistent vegetative state (PVS) or minimally conscious state (MCS) 4 to 16 weeks after their accident added to the debate. Authors described a faster recovery under amantadine with increasing doses up to 400 mg/day in the two groups of patients with PVS or MCS. Amantadine triggers an increase of the functional recovery process (level 1).
Overall, in the studies analyzed, the optimal dose of amantadine varied between 50 to 400 mg per day. An increased surveillance was reported for patients suffering from epileptic seizures and cardiac disorders. A brutal ending of the treatment was associated with the onset of malignant neuroleptic syndrome in one case study [113] .
Regarding the effect of amantadine on sleep, a study on 43 patients with TBI (12 were treated with amantadine, 31 made up the control group) did not evidence changes to the amount of sleep with this drug [114] (level 4). A prospective, randomized, double-blind, amantadine (200 mg/day) versus placebo-controlled (6 weeks), crossover design. 35 subjects, who had a TBI with a Glasgow Coma Scale score of 10 or less within the first 24 hours after admission Level 2 Grade B Improvement in various tests, (P < .05), in the group that received amantadine during the first 6 weeks, but there was no improvement in the second 6 weeks on placebo (P > .05).
There was a consistent trend toward a more rapid functional improvement regardless of when a patient was started on amantadine in the first 3 months after injury Nickels et al.,
1994 [97] Retrospective review of 12 subjects (10 with TBI) with brain injury who were treated with amantadine 
Recommendations
There is no sufficient evidence of the efficacy of amantadine in the treatment of agitation, aggressiveness, and anxiety after TBI.
Observation: An improvement of apathy, the decision-making process or motivational disorders was reported in case studies with amantadine at the dose of 300 mg per day. Amantadine has no MA to treat apathy, the prescription of this drug should be evaluated for each individual case according to the criteria associated with treatments prescribed outside a MA on top of the precautions of use (EC).
The realm of publications about amantadine progresses faster than the other drugs reported in this review. Two articles published in 2014 and 2015, outside of the framework of this work, which ended in 2012, already contradict the recommendations above (Table 7 ). The work of Hammond et al. [115] tends to demonstrate with a high level of evidence (grade A) the efficacy of amantadine on irritability and aggressiveness at the dose of 200 mg per day. Thus, the frequency and severity of these symptoms are decreased. It is a monocenter study. The extension of this study on a multicenter level [116] did not validate this result. A strong placebo effect (observation bias) was underlined in both studies. No different adverse effect was reported in the two studies compared to the placebo group. Amantadine was described as well tolerated.
3.7. Other products, 23 patients included.
3.7.1. Buspirone (Buspar 1 ) This non-benzodiazepine treatment does not seem to have sedative or addictive effects, interaction with anti-seizure drugs, or lead to respiratory depression [8, 13, 117] (Table 7 ). The latency of action before its anxiolytic effect is 2 to 3 weeks and 12 to 36 hours to improve agitation [8] . The anxiolytic effect could improve the agitation of certain patients who have an anxious component [25, 117] .
Two retrospective studies on series of 13 and 8 patients treated by buspirone after TBI for agitation or aggressiveness reporting the efficacy and good tolerance of the product (level 4) [118, 119] . These data are validated by two case studies (level 3) after TBI [120, 121] .
Review articles on the care management of agitation or aggressiveness reported buspirone as a possible alternative after TBI. No new article was identified on the specific TBI population since 1998.
Recommendation
In some patients with TBI, buspirone did improve agitation, aggressiveness and irritability. According to the relatively low level of evidence, this treatment should not be proposed as first line treatment. Controlled studies are necessary (EC).
Hydroxyzine (Atarax
1 ) Hydroxyzine can be used for its anxiolytic effect. This treatment has less respiratory depression risks than other benzodiazepines. We can note that its administration is counter indicated in patients with cognitive disorders or confusion syndrome due to the risk of aggravation related to the pharmacodynamics of the product.
Use of hormonal agents
Only one review brought up hormonal agents in the treatment of agitation post-TBI, when the clinical symptoms are expressed as sexual disinhibition [8] .
A case study reported the good efficacy of medroxyprogesterone [122] in a man with hypersexual behavior (level 3). A study on 40 men including 5 patients with TBI treated with medroxyprogesterone after sexual aggression, compared the rate of aggression recurrences to a control group of 21 untreated men. The study showed a recurrence rate of 18% under progesterone vs. 58% without treatment (level 3). However, the study was not targeted for TBI patients. Another article reported a good efficacy of estrogens on one case in episodes of aggression in general (not just sexual aggression) [123] (level 3).
Discussion
Generally, the level of evidence (in the HAS sense) to promote the use of medications to improve behavioral disorders after TBI is quite low. The efficacy of beta-blockers and mood stabilizers antiepileptic agents appears more adequate for irritability and aggressiveness. These products could be administered as first line treatment in the absence of contraindications, associated with a non-pharmacological care management. Neuroleptics and antidepressants remain useful but as a second-line treatment. Neuroleptics keep their place as first line treatment in emergency cases but will be relayed by a mood stabilizer or beta-blocker outside of a documented psychiatric context. Antidepressants, especially SSRIs are useful in depression after TBI. Amantadine can be used after individual case assessment in apathy or irritability and aggressiveness. Buspirone and hydroxyzine are alternative medications. The choice of the molecule must be discussed With any treatment, the dosage increase or decrease must be progressive due to an increased sensitivity of TBI patients to psychotropic drugs. In the absence of adverse effects, it is important to increase the treatment to its maximum dosage before concluding to its lack of efficacy and changing molecule.
The approach of behavioral disorders after TBI must be a multidisciplinary one, in order to better understand the symptom and define the best strategy [12, 14, 124] (see Wiart et al. and Luauté et al. in this issue). It will also help take into account parameters like pain and a non-pharmacological psychotherapeutic and/or institutional approach. It is better to prescribe medications with no evidence of their efficacy but that are well tolerated, rather than medications with evidence of their absence of efficacy and that are poorly tolerated.
Recommendations regarding drug therapeutics must abide by updated prescription conditions of the summary of product characteristics (SPC) or legal mentions of the listed products. These prescription conditions are established in France, by the French Agency for Drugs and Health Products safety (Agence nationale de se´curite´du me´dicament et des produits de sante[ ANSM]) or recent books or prescription databases. These books describe contraindications, precautions and conditions of use of the products, their adverse effects, monitoring to be implemented and recommendations to take. In this article, only the specificities related to the population of patients with TBI were reported.
The use of these medications in France is most often done outside of a Marketing Authorization (MA). The prescription must be within a legal framework related to the reinforcement of the safety of Drugs and Health Products [125] . MA extensions could be discussed for the specific population of patients with TBI for propranolol and amantadine specifically.
Conclusion
This study's originality is to group together the results of a systematic review of medication care management of behavioral disorders after TBI, and the advice of a multidisciplinary group of 62 people steered by a Scientific Society, the French Society of Physical and Rehabilitation Medicine (SOFMER) and the French High Authority for Health (HAS). If scientific evidence is lacking, because of the problematic of the studies' methodology and the specificity of the targeted statistic population, experts' advice must take over and bring a response to scientific studies that come to the conclusion (rightly so) that further studies are needed with better methodologies. The future will be rich of these new studies but, like beta-blockers, used commonly in the United States after TBI, for which the last published study dates back from 1992, the scientific community, healthcare professionals and above all patients and their family are waiting for these studies and hypothetical scientific evidence.
Relevant prescriptions in the framework of behavioral disorders after TBI was the pragmatic objective of this work (see Wiart et al., Luauté et al. in this issue). A listing of advice for prescribing psychotropic drugs is reported in Table 8 . Implementation tips of drug treatment for a behavioral disorder after traumatic brain injury (TBI).
First do no harm
Replace the problem of the effectiveness of the treatment on symptoms in the context of neurological recovery. If possible wait or suggest a nonpharmacological approach (institutional and/or psychotherapeutic). Regardless of the pharmacological approach or symptom to treat, avoid antipsychotics and benzodiazepines. Preferring when possible a drug potentially promoting neural recovery Customized prescription
Identify the primary target symptom (irritability, aggression, depression, apathy.) and any disorders or symptoms or secondary objectives associated with the treatment that could be treated with a single product or product selection guide (mood regulation, anxiety, tremors, migraines, epilepsy prevention, hypertension, obesity, diabetes, previous stroke, psychiatric history, premorbid personality, dysuria. . .) Regardless of the target symptom Choose a product usually well tolerated Observe the interactions between products Consider the seizure threshold Consider the potential cardiovascular risk Start with a low dose (special sensitivity to psychotropic after TBI) Go slowly and gradually when increasing doses Re-evaluate the clinical presentation continuously Only one product at a time (monotherapy) Go for the minimally effective dose Preference drug
Prefer a beta-blocker (propranolol) in case of irritability, restlessness or aggressiveness (B grade) or an antiepileptic mood stabilizer in case of prevention of epilepsy associated (expert agreement) or bipolar disease Prefer using an inhibitor of serotonin reuptake (best risk/benefit ratio) in the treatment of post-traumatic depression (sertraline) with or without anxiety (B-C grade) Reserve the use of neuroleptics to the treatment of acute aggressive crisis (loxapine) and treat in the shortest possible time by implementing an alternative drug treatment or non-pharmacological one. The use of neuroleptics is conceived on the long term only if there is a documented psychiatric illness. Prefer the use of an atypical antipsychotic (second generation, for example olanzapine) because of lesser side effects especially extra pyramidal ones (expert consensus) Apathy may be decided on case by case scenario to be treated with amantadine (expert consensus)
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